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(57) [£«>] 

m&M, (esd) $m<otz#><r> y y mliv^^i 

J: it», lt?)J&«t**i 
/w±SPiJ itfTft-f t, #i§4KSHCfc ») S C R 

Sr h ') ff-f Z> Y ') JfF ET t iSrfflx., PJ^FETOy 

I COES D\%Wt<ntz)b<0 2 J &— K • Y ') **H6&* J tltt 
VDD*«ff«EL*v»»^K, VDDi»9^<-r*i 

lthbrue sD&mz?T%o scR*ett3**inrK 

-£.0 
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*aia»rt«riit*t* t Lrtstg-r^sm 

Iw^-g-^tt/cS C R 
#"F ETt, 
Ti, 
FETt> 

tf£«l(0'f>A-i'FETOKH'>'t, llflgE&2© 
^W<-^FETOKU-Oi«ni:^?n, 5tmJE 20 
»T 2 ^Hfi&iffi t , 

S'lxtftl), «TfBh 'J JtTFET©**- h**Strffi^2<D 
-< >A-?FET© KW >lzm-&2tiX\<>ZZ. 

[0 0 0 1 J 

[0 0 0 2] 

[«£*Ott«J MOS«*KHi- £»tttttt (ESD) 30 
U J: 0TMtttai&:& (EOS) «^ifcH&«i, HiAAy7 

TiEitsftSo jeKtl&ffc+«>* «i®H;EE (vdd) t± 

*E S D«tt«*©RtNi-»tMIS*if L 

*U &J3;o>o N E S Dn^Mt^SIEf HJ #L 
^tt^tf^^^v^ *aHJe& (IC) £E SDKjgHI- "0 

ICiti L»S E S Dtfcgifca&li. SSri«rft<7) 

CR (LVSCR) OiTiiif^h'JA'Cffifft 
4:t)i s #V'„ LVSCRWh'J^LiV'Ill, ICd so 
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®x*»t*tlf^f>^v» 0 E S D«S^SO^<?5J: -5 
S<0if^li "2*-K- h >^ (bi-modal trigg 
ering)" tWf-iifiX &tz 0 Clftli^S&T-liabS;^ &-f 
Lfc£:T«9ffli£UigLTV>SIR-CI±fcv>o |f?2 

ab*«?w 1 c a * 0 gn§ssic 

m*^«*&^nrv>^v»4§-g- (^-(D 1 /on?.? ^tigij 

h" , fWESDMOLI^fi, S& 

1 tm3<Dmmmx^^tii,m^-ov'^<^mni l z®:^. 

So 2*- KESD f 'JtflDB&K, m*#«»S*t4v» 

i4it* f St Lv*-C£>S do 
[0 0 0 3] 

fcifi^-TSo 
[0 0 0 4] 

[f£93<Olffcg] I ClcfcttSE SDffilfflZt- K • h 

•^Tigijj^fL, ^ii-fSCli:tc J: «j SCR4- h 'J 

h 'J#FET tiz£^xmf&$tlZ 0 

[0 0 0 5] iCJ: ^ tt I COE S DiSSffl 2 *- K • 

y hmff^<btl, C<0*7t7 Mfflih'J^FET 
***->*>U H^OESDt^St^d SCR^Siie 

-f * ~ £ ftTt F E T Oil?!iyiJ C <t o T^ae L» 

So MJtfFETOr- h ?f-»«7 4 - 

ETrtwi&fnaff79 J 7 y^Sr^-fir- h u *'fet©^ 

SCttTi-6o -*te><7)2cOl$^(igiJ1ic S/cli 



(3) 



^¥8-9 7 3 7 6 



3 

ET<011Sc^®M-C#-&o ESDWCSCRiH'J 

& i t ©SUfrS 4 c TPS L#*o 

[0 0 0 6] 

wi-C, Gordon W. Motley i:iotl 9 9 
2 B UfflHSitfc TE S D PROTECTI 
ON FOR IC S (ICfflESD^SI) J i®-T* 
*Sffigf^08/190,756-f-<O|116 <0— Ui&RLtz® 1 £ «> 
#SB-f*o in*l21^:LfcSaii, ^^ESD^EIK 
(O&^Mfc (m^W) #j££^-f £#-?**„ 5l@<ail] 
SS^tc "TRIG" ©fffi { #?KTV>Sit, £4 
lf&*<D "T" y-Kin'J**FET^LTSCRi: 

tfE»4&08/190, 756-^-tB® "CRM S ftT J3 1? , £ £ T I4& 
OigS&^o ESD^tOftSSli^i' h'#^GND, <>< 
yKHDGND, isilFDVDD^^GND^IB 
£^-tM$* fcj&S&/8K5lJS; L#* i i: l:ii?ti/;v> 0 
^2EIti^08/190.756-i-tiSfilOll7 «-^L^fc<0-C* 20 
0. I2110TRIG. H»rt»*± 0*«KH*L, H 

b# »= s c r <o^m zmmm* £ *-t *> k l *: *> <?> 

[0 0 0 7] ££-CBI3 t#Bli-4 ESDtSSUIS 
ffl<oefc^.Jg<OTR I G. !3eS4t, ESDlSlBBl 9 
t»Sntv>l, 0 GND (JfcliDGND) frhfc 
mZfiX^Zs*? K 1 (idlife$ii-7t I /01H1B& (HI^ 

•r) Kio-cett**u fr-?mm<omm ($ix.i4gnd 

SfcliDGND) CtSt$KfcSCR2i:j|«$tit 
v>& 0 SCR©y-HJ, TRIG. @ffi4©Ty-K 30 

ict^rr- h auras'* it* h **fet 3 i:^?n 

-CV>* 0 b >; #FET 3* s ^- V^-V^fl* SCR 
2J0 f *->5j->£;M*o SCRlCiort^*b*ti.*^C 
iitfS^ESDtSISSrtTdo 
[0 0 0 8] TRIG. U8&4 F*3KI4 V-***^* K 1 
tL^gM 5 y-^^Sicr- 

^mmm&.iz&'&ztitzT&j 6 tzmkrz, 

*o N*-KS8FET (8, 9, 10) <Ojt?lJ?U7 
14, ifflW W<-* FET 5 (T> V TS6-1' 

-?FET6©Kl/-f>'t«rii:^'&?jxtv^o ^4 40 
*- K&MFET<OE?I0IJ7 £filx.*:§fi<Jl4, TRI 
G. EI8S43i)*h 'J*"FET3 «r^->^->-r*/i*irS 
tTRIG. IH8&4 tOMtC^g^mffi^l^**^**^ 
fiJfflL#*5EmJEP$T££ie-f *-tl-**o 

WEfc-r * ^fe <r>— o * rca §r & t $ ti 4 
do 

[0 0 0 9] iifgE S DWli/^ K 1 tfT-AiztfL 
^«n-f-a3S«r#fi3.Stl/it^ ) ±t LTg8-C>* ? **W 50 
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(4, VDDI4*7T-£>*a*, R*Of 7^iH4^ 

SlJ<0^^-/rtOI/0HIKUJ:c.T>'< ^ K l50*SEl&£*i 
*J®^'t , *)*o VDD***7<0Jgr-&(4±g5'f V>»^-^ F 
ET 514* VT-ib»K T6BFET 6 I4*7T£*„ i(0 

h 'JfFET3©y- MCi£-££*M#*o K» 

aFET<oi:?ij?ij7^fei?tc@i&iiiK * 

^fflL/c^l4> Kl-CO±I20 4-?£jEOl;EiI 
ft 14 h 'J if 3 <DY- Ft? (2l?§s£:KJgi$Sft4 0o 
dirt*, VDD4 I) *>fiv>IE<0}gftj!>*S CR 2 * h V # 

h 'J 2TFET3 Vt*7t*»c^H4 

y- KST-omsi^^^**ii5< **o 

[0 0 1 0] VDD**3. 3 V-C**NMOSOSajtI 
gT-14, yij 7 T*(D5e«jEI^T* 2*v>L2. 5 h \z 

^-F^m£E**8/lO**;Wh-C**i:1-tLl4*, 2. 
*4^)6i:I?iJ©3i©FETS-fIt4itSrt«L 
i% iOii:l4«jtXg(CJ:orJ4||||5traja-C§* 

14. #^W*- KSMFETTCD^T^-f-n-P^/lO** 

SSJi> $L.|v>f (sub-threshold)?litm»iE-C** t 
Wt#xt>*l*o iOii:l4. 3. 
-^•> a?iJ?iJ7rtlC^l 01@^V>L 1 2m<0V^(t- KSc 
SFET^ttffltiit^ftLTV^o L*»L***- 
i<OiT^^©^*-KSSFET^Ita 
t, JI^^tL^S CRcO^->*VB#HC^#*St? 

0-v»rj4*iS14* i T* t *-rfc* do 

[0011] S4J4, FV#FET3*^->t>tS 
fei&JC/^ K 1 lcj3tt*iE04B^EES-±#$-«-*'je:>S 
****JS0W^1 l=Sr^LTV^ 0 CO^-CJi, 

K»»F E TOfiyijyiJ 7 (* fcligUO 2«^iS 
0I&95) < , 7-f-K/?7?FET13 **^«ii<0 
TSB^ >;*-*FET6 -C«aE 4 d i:«^* 

tiX^Zo 7 4 - Y'siv 9 FET 1 3 <»*t4 X(i±£B-f 
F ET 5 <Dl/10£^Ll/5 tiJiii'SS L 
v^o iO[UES#*l 1 I4*CD4 9 UU)flp-r*o ESDf 
gUP&l: * i: h U if¥ ET 3 I4*7^^* 0 K 1 tr 
4J tt * ±#1" * IES£I4 S C R 2 F*3 <Oig^14SJf& tfiT 
h 'J *'FET 3 T-!®$**t*„ ::<S>4 d ULT, 
M^FET 1 3<or- H4.T<OiEmE££tt. ^~ 
Lt!i**>T-**o L^L, 7-f - fV<>^ FET 1 
3 I4±SM >A-?FET 5 iittetT-t'f X*VJn$ 
<> jz&<0mmi:m-tZttfX'£tZ:^ o F E T 1 3 liJS 
^l4^»ttSt-^ , 3, -g-£-C<^JEI4±#L&#-C. h 
'J #FET 3**^->*> Ll#*4 d tCt*o h'J*'F 
E T 3 i) K 9 ->*>1rixi£-r2>{lt'7 A - YXv 9 F E 
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T 1 3i'ffitlffili'>^ < & 19, fifct h 'J#FET3 

(i>V>TliS C R 2) i^-V*>tii t S-ffijtf 
*o -Ol&flsli? sr ^tI^«f**o FET 
3iFETi 3 £ ora<o^fi£ii>^e 'J • -fc;K9*»jS;tS 

±<7>m-%<nmttmmt&±)itx. fet3, saxv 

0#;£0<iT-0 L $ v»«ff L&>t*Uf & b&v«*> 

[00 12] /W/'J -J Y%$L2 0*I5C/7L-C^ 
-So iOf^2 0-eii, ^7KlliH*-K««FE 
T16, 17, £^1^1 8 OityijyiJ 15i, 7 4 - KM 
•^FETl 3<0lJ*ttrTRIG. HE& 1 4 tcgc^ 
StlTV^o ^<Offifi£2 Oli, yijl 5 1*3 U J: >)#<(7)^ 
-f *- KS^FET?rfilx.*^S^^<, tfz, 7 * - 
Y/*"j ?FET 1 3 O/w*i)<0L# v^-d^jESt^^feidZ- 
mWRM<r>-7 -f - hvt? FET 1 3 tci 
•=.T^»£$fL7tmaE^ m* kt-oiecde s D*&om 

©»*8©Mli, »L*vMMI*tmiltrtfttL**' , 'f:*-- K 
S^FETWit^J?!) 1 5£»iL*t&v> 0 $Llvffli« 

atiiBK««ftj^*»ja-r i^t^i too, 7-r-K 

^•^FET 1 3 Srlfcfn£-ti\ h';*"FET3i7i'- 
KA^FETl 3ii>t.S:S7 ? f-fcn-fOK^E^-* 

KgiFET^-l^>«;li:iS:&i, 7 - Y^v * 
FET1 3 *mtibn,tiHi&3SUZ$ > 2>m.'bi& (yvT 

no *t*mou tot, e s Dmm.vy&E.izjtMLr 

muLWUfZo y 4 - Y'*v * FET 1 3 <OX>Zft.m.* 

&#K»fis-*-*. 

[0 0 1 3] ^jx.ifvDD3& f 3. 3vno, mmi 
5 -cosje^t* 4 2 . 4 v izft^m&ii mnn 1 5 ^ 

K#&OFET£tit;i*>K 4/cl4, ISOM^iS 
-f&Cl t K«fc £^ KS^FET-COP$Tt!»*8/ 
10** ;v h tcjfi < ^ (Z-f £ \$%<0~BUi\iZ «fc 

7-f - hV<? ^ FET 1 3 ZW.tiZfrWLmffi.0 7 

i9t:«)ilEL?|4. -Tfcfr*,, ^T<9^i-KSSF 
ET*«*->:i->LfclS&K, FET 1 3i5J:ir307 
vmWO&frho ^tHzHLX^ *- Y&I&FE 
T-rott-&«BEI*TjM&v»»<&- % -f*;b*>, 6/10*'JUh 
X'^zm-S. frffi.Qffi.i7VTmi:18z.xmiztQm2-lt 

2>&mtf$>z>o LfrLy -e-o^-g-r-t, ^-r^-KS^ 



6 

S*lT </>*©-? , 7-f-K/<y^- 
hy#FET7"/'f- (13, 3) OLiV'IU 

[0 0 14] El 3, 4i3j:U f 5<Oi]gMSjjSU 9, 1 1 is 
XV2 OOfijfmVDD*** -Bc^irL 
T±KOifcfEri*l£S1-* toco, -f-^^it^^^^oT 
v>*<> ±M4>>*-9 FET 5***7 

tzfc&Clii. TSW ^ F E T 6 jJ** > ti&<i> £ 
if /<y KOIEOE S D^&lCioTIS^IiTR 
io IG. UlSSOSy- K^BEIiiSB'f W«-?FET 5© 

?ijT-omfffi$T<fc *) &#-v>i*:»t_t§C'1' ^-^FET 
oma^r±#$ii--6o £OB#.£T\ ±g&-f Wn*- * F E 

T5t, Y&m.F-ET<DmMmfrhnhti.z>n. 

StLOWK, ^->*>$ti7tTa5'r >/n*-^ FET 6 \Z 

± ^>x i?<owmff)m.E.&Ti!>mbtiz>frizmLxmW)&i 

#• (drive fight) ri J £t;£o TdB^ >^-?FET6W 

VTyFETSIi^-^^-V^^&o ®li||#-OMJi, y 
- KTom£l*FET5 j3J:y f 6 0*Vffitfc0.fcfc3u;:& 

h "j^FET 1 3<07'->i:lS^$ni>Ot, FE 
T 1 3 U-^Xlt S C R 2 4: f 'J Jf-f 

[0 0 15] VDD;S**>Tab*Jt§£-li, :T-Y^-K« 
«cFETOE?'J?iJ> * tziiy-i- KM7^FETCJ:o 

30 ^JEJ4VDDm±»c^Slc±#-t^,i ttcg^^ti/j 

mjE%itmx$>zz. ttfmwLx^Zo mfotth\z, v 

[0 0 16] fi*JW©^-r*-K»«FET©tt*SEM 
tSClt, i3 J; F E T 3 , 5, is i V 1 1 3 <D^-i X* 
lStS:tOUJ)tli-^i:j:ot, SCR 2*® 

40 m-t&tcttxn h if ■ m > h?-, mjE%E sD&mis 

# ^. Cl i: (c^ e> ^r-* ^> 9 o 
[0 0 17] CCixSr^%^$-NMO SOSiSIgO^t 
SRT% itz, 3. 3Vtv^Jtgfl5fiv>VDDi:cnt 

* v d d <oit i> mm Lnz z. t it^m 

bfrX-&?>7 e 

[0 0 18] *&W<DnMMlzo\,*xm&Ltz 

wt, *&w<D&nm&mizvm-f z>, 
50 [cti m&mw®.^.®?- s-*-r-&«a@»ffloESD« 
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is (19) kz&^x, &m!ei®f*izvin.zw.m,m<?> 

9 *> O-o tCjfS-g- £ ft*:3ISgg& SrigT E S D fcig 
£-f4<H§-y- K (1) flTSV- Ktgigmft.Si: 
tfJWtCjg-g-Stu Ii:y-h?:tt4SCR (2) 

(3) fc, KKtfrfr*itfcV-*fc, KV-fv 

?FET (5) *»*ffijAK«S-frS*tfcv-^4:, 

^>a'-^FET (6) fc, j£«ff|5$T*^U *»og5 

TO KW VtoraiCig-g-$^^2«^llES«i (7) 
t, iffiz.XJ&<0. h'J#FETOy-F* { »2-fVA' 
-*FET<D Kl/'f >lc^^it^ii:*-#^t-r-&E 

[00 2 ] 2 3g?-[l]8&#l;0*4»5: < t i-ooN*- KSftt 
FET<Oi£??!l?iJ (8, 9, 10) ?r«x./ci t £4# git 

-ra^n i kimwje s DniKc 

*4#«t-r*« i tciemoE s d«shi&o 

[t»j4 ]^«<oa^ : ?s-*-r'&«aiiKffloE s d« 

suss (id kj3v>t, mm®&ftzffitiz>w.m.m<v 

^<Do : t><D—?lZ&&ZtltzmWi&B&ii@:XE S D=£r*& 
S1-4«-§->- K (1) fc, Kfc*HS*tt/SCt 
W0!i:^Sti> JEC:**- h SCR (2) 

tt**#tfc.V-^4:, MK^- h£#-T4 MJ 2TFET 
(3) i:, K £ ft *:V Kl/-f> 

?FET (5) ***ttjftfctt"fr**tfcV-.* t, 
i2-f>^-^FETWKl/^ Sftfc KW > 

5gK**U»-frSii/:r- h 4 US 2 -f wt- 
*FET (6) W>2 4 >s<— ?FETOK>'f VIC 

$ ft/.: K U -f > t . Kit* Sftfc 

t. F'J#FET<OKH'>i:^?W:y-Fi:lrt 
■t*-7^- FA^FET (13) t. *ix.TSSl)> 
h 'J #FET©y- f* s ^2 >A-?FETO KU^f 
> $ ft*: i t ift®. t -f Z> E S DfSSEJSo 

SUSS (2 0) Ki3V>T, »^0E&rt?r»£n*S»iLffl<O 

?-(Od*><0— o^Jg-g-$tL/c^m@BS«rMrE SDS-g 
K (l) i> «-»y-Kk**mttjfti: 
ORSUiMli-g-Sft, Mtcr- h4-^i"4SCR (2) 
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m&StitzV-Ak, ~$L\z¥— Y i&'th h 'J if¥ E T 
(3) fc, ffi-S§-y- KK*S£-£ft*:V-;».fc, KW> 

*fet (5) i»«ttjfteat* ,lfcv - ;ll: > 

4 J'FET (6) Je^EPTF^U 
HW<-^FETOKV'f>t, ^2r/A-^FE 
T<DYV4 'yttDm^^^fltzZ^^m (1 5) 
10 fc, %24 ^-^FET^KI/'f VtCjg-g-Sft/.: KV 

TCKlz-fv izte^Ztitz-y- ht«-#t47-r - K/< 
•^FET (13) fc, fcfitx.TJS'K h'i^FETW 
r- h* f ^2 4 Wt-^FET?) VK&g-Sftft 
£ t ^4$glci: -T4 E S D«K@B&o 

[«8] 2 sg^iiKffl^* < t t-oo^t- vmm 

FETOS?iJ?iJ (1 6, 17, 1 8) £4$ 

7 Uffi«OE S D«g®B& 0 
[«9] 2^18^'^^-^^ *- K£ fit *.*:££ 
20 *#«i:1-4«7Kie*©ESD««ElRo 
[0 0 1 9 J 

i:lC«t>), VDD^«if&$*tTV^V^-g-lc, ESDI* 
m<OtzX)<o h V **OL§v^-ftS-^:§ < -Tic: t^-c^ 

[01] ESD^f.IC*«Stifc6roftlSCRffl 

30 [H2] Ell coffitB&IHOTR I G. SBi SCRg|5«OffiB& 
[H3] B 1 j3iO f |g]2<OTR I G. SBt LTttlfl 
[14] Hl^J: 2CTR I G . gft LtffflTl 

2 ®&<offia&&fil/2S;i2]T-&So 

[05] ilfciy f i2©TRIG. SBi Lrffiffl-Cii 

*H3iJiu f [ii4 iz7FLtzt$.ffi*®.&t>ittzm3 iiesw 
jBfn&*«jaiil-e*4o 
[^oiJiW] 
40 i ; k 

2 : SCR 

3 : MJ/ffFET 

4 : TR I G. US& 

5 : ±SB-f >^-^FET 

6 : TSB-f ?FET 

8. 9. 1 0 : 74 *- K««FET 
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